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> The cosmological principle might be in trouble.
> SKA will offer new insight.
> How can we get ready?



The Kinematic Dipole

CMB temperature map (Planck satellite).
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CMB as a sphere.
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CMB as a sphere (Earth inside).
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We're moving through the Universe!



The Kinematic Dipole

CMB dipole as sphere (Earth inside).



The Kinematic Dipole

vemp =~ 370 km s—1

CMB temperature map (dipole included; BeyondPlanck).
% : dipole direction.



The Cosmic Dipole — Ellis & Baldwin (1984)

Special relativity: > Aberration > Doppler boosting
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Special relativity: > Aberration

Speed (c) 0.025
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Special relativity: > Aberration

Speed (c) mm— 0.244



The Cosmic Dipole — Ellis & Baldwin (1984)

Special relativity: > Aberration

Speed (c) mm— 0.462



The Cosmic Dipole — Ellis & Baldwin (1984)

Special relativity: > Aberration

Speed () n—————— 0.681



The Cosmic Dipole — Ellis & Baldwin (1984)

Special relativity: > Aberration

Speed (c) m————— ) 0.9



The Cosmic Dipole — Ellis & Baldwin (1984)

Special relativity: > Doppler boosting
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Speed (c) m— ) 0.9 Redshift Blueshift
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Special relativity: > Doppler boosting
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The Cosmic Dipole — Ellis & Baldwin (1984)

Special relativity: > Aberration > Doppler boosting
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Typical values: ~ 0.5%



Counting Galaxies

N; = N(1 + D cos ;)

—.
150

Number of galaxies

61

Simulated isotropic galaxy map (+ dipole).



Counting Galaxies

N; = N(1 + D cos¥;)

101

99.02 Number of galaxies (smoothed)

Simulated isotropic galaxy map (+ dipole).



The Amplitude Excess

Joint radio

Cosmic dipole
147 MHz  should be
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$25MHz  CMB dipole...
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The Amplitude Excess
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All' is well!

Wait...
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should be
consistent with
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All is well!
Wait...

700-1100 km /s



The cosmic dipole tension is a serious issue for
ACDM.
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NVSS & RACS — Local Sources Matter!
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NVSS and RACS-lowl dipole with CMB dipole direction (¥).
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CatWISE2020 — Maximally Bayesian Treatment

Wising up to CatWISE: using simulation-based inference to interpret the
ecliptic bias and confirm the cosmic dipole excess
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What will SKA make of all this?
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Future with the SKA

> Premier sensitivity and depth

> Large-scale coverage of the southern sky
> Radio — mitigate dust obscuration
> an SKA sky
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> Sample ACDM matter density field with GLASS

> Source populations (i.e., AGNs and SFGs) with T-RECS

> Noise and source detectability assuming SKA-Mid (780 MHz, AA4)
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What's the effect of faint SFGs?
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kelihood Fun
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Likelihood Function
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Likelihood Function

J0054-4952 > Naive assumption: sources are
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kelihood Func

J0054-4952 > Naive assumption: sources are

independent.
—49°48' j Al > But multi-component sources are
correlated.

> See e.g. von Hausegger+25 —
over-dispersed Poisson.
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Journeying to Higher Orders
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Preliminary Results — 0.5 mJy & z > 0.5
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Preliminary Results — 0.5 mJy
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Clustering Dipole

Mock SKA Map
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Clustering Dipole

1 Posterior Contours

> Clustering dipole.



Clustering Dipole

1 Posterior Contours

> (Clustering ‘drags’ inferred dipole. Dgjst. & 0.002, Dy;,. ~ 0.005



Clustering Dipole
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> Exciting new look at the cosmic dipole
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> Exciting new look at the cosmic dipole

> Bayesian pipeline with higher order
multipoles v

> How can we deal with local sources? ?



